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Abstract 
In this paper, we investigated the influence of experimental parameters on the assembly of single-walled carbon nanotubes
(SWNTs) by dielectrophoresis (DEP) process. Designed experimental parameters were adopted to assemble SWNTs by DEP. I-V
characteristics were measured and the assembled number of electrodes was enumerated by scanning electron microscopy (SEM).
The results show that there was an ohmic contact formed between the assembled metallic SWNTs and the electrode. The variation
of experimental parameters such as the SWNT solution concentration, deposition time, voltage magnitude and frequency can have
significant impacts on the assembly productivity. Optimum for high assembly productivity of single-bundle of SWNTs was
discussed and proposed at last. 
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1. Introduction 
Carbon nanotubes (CNTs), due to their unique one-dimensional structure and outstanding physical properties, are
considered as promising building blocks for next generation nanoelectronic devices. A major technological challenge 
is the selective and controllable patterning of CNTs. DEP[1], which refers to the polarization effects in a nonuniform
electric field, has shown tremendous promise to be an efficient technique to control the alignment and location of the
SWNTs in the recent years. M. Senthil Kumar et al.[2] used this technique to align CNTs between microelectrodes.
And Krupke et al. [3] achieved large-scale precise assembly of SWNTs. However, there is lack of systematic research
on optimum experimental conditions for DEP process.  
In this paper, we investigated to assemble single or bundles of SWNT by DEP. The influence of experimental
parameters such as the SWNTs solution concentration, deposition time, voltage magnitude and frequency were studied
experimentally for improving the productivity of SWNTs DEP assembly. 
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2. Design and experimental 
 
Fig.1 Schematic graph of electrode structure.  
 
 
 
The electrode was designed with optimal dimensions based on our previous work[4]. It consists of 20 opposed finger
pairs 30ȝm long and 2ȝm wide and the gap of opposed and adjacent fingers is 2ȝm and 5ȝm respectively (Figure 1).
With DEP process, the high-frequency ac bias will be applied to the ends of comb electrodes and the SWNTs are
expected to be bridged between opposite fingers along Y orientation. 
The experimental parameters, such as the SWNTs solution concentration(C), deposition time(T), peak-to-peak
voltage magnitude(Vpp) and frequency(F), were chosen as our research objects. They are varied as follows:(1)C: 0.02,
0.1, 0.5, 2, 10ȝg/ml; (2)T: 0, 10, 30, 60, 120, 300s; (3)Vpp: 1, 3, 5, 7, 10V; (4)F: 10, 100, 1K, 10K, 100K, 1M, 5M,
10M, 15MHz. 
 
Fig.2 Process of preparation and assembly. Fig.3 SEM image of assembled SWNT bundles.
 
 
The process of preparation and assembly is shown in figure 2. N-type Si <100> wafer with 300nm thermal oxide
was used as the substrate. W/Au (20nm/150nm) was sputtered and patterned by lithography and wet-etching. SWNTs
with high purity (>90ˁ) were produced by Chengdu Organic Chemicals Company. The diameter of SWNTs was 0.8-
1.6nm. The SWNTs were ultrasonically dispersed in N, N-dimethylformamide (DMF) for 2 hours and the solutions
with the different designed concentrations were prepared respectively. Then a drop of the solution was introduced onto
the chip after an AC bias having different Vpp and F was applied to the electrode. After a delay of T, the drop was
blown off using nitrogen gas. Figure 3 shows SEM image of parts of assembled SWNTs bundles and there were 8
pairs of electrodes assembled by single-bundle of SWNTs in 20 pairs. 
833Zhihui Wang et al. / Procedia Engineering 25 (2011) 831 – 834
3. Results and discussion 
 
Fig.4 I-V curve of the SWNT bundles.  
 
 
The linear I-V characteristic (Figure 4) measured by HP4145B implied there was a good ohmic contact formed
between the assembled metallic SWNT and the electrode. The resistances of assembled SWNTs (containing tube and
contact resistances) were approximate to 60Kȍ. 
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Fig.5 Productivity vs. C(solution concentration) with T=60s, VPP=5V, 
F=5MHz. 
Fig.6 Productivity vs. T(deposition time) with C=0.5μg/ml, VPP=5V, 
F=5MHz. 
 
 
The assembled number of electrodes was enumerated by scanning electron microscopy (SEM) and the assembly
productivity was calculated by P=(assembled number of electrodes)/20. PM, PS, P are defined as productivities of
single-bundle, multi-bundles and both kinds of SWNTs respectively, i.e. P=PS+PM. 
P and PM increase with the solution concentration and are higher to 100% when C=10μg/ml (Figure 5). However,
the relationship of PS and C is near parabola. And the maximum of PS is 40% when C=0.5μg/ml. With the increase of
C, the amount of SWNTs around the electrodes increases. This may be the reason why P increases with C. The 
phenomenon that PM increases with C may indicates that the assembled SWNTs may have less impact on the assembly
of other SWNTs between the same electrode pair. So the concentration of SWNTs should be controlled carefully to
get high PS. And C= 0.5μg/ml may be an appropriate value from the picture. 
All three productivities rise basically with deposition time (Figure 6). The reason may be that the more time used
for SWNTs assembly, the more SWNTs will move to the electrodes and be assembled. However, the productivity of
multi-bundle SWNTs is also be enhanced with T. So it is impossible to get high PS and low PM at the same time by
simply prolonging the deposition time. 
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Fig.7 Productivity vs. VPP(peak-to-peak voltage magnitude) with 
C=0.5μg/ml, T=60s, F=5MHz. 
Fig.8 Productivity vs. F(voltage frequency) with C=0.5μg/ml, VPP=5V, 
T=60s. 
 
 
With the rise of Vpp, P and PM increase substantially. According to theoretical research, the DEP force induced on
SWNTs is proportional to ͪE2[5]. Therefore, the productivity should increase with the voltage magnitude. While the
relationship of PS and Vpp is near parabola (Figure 7). And VPP=7V is the turning point. The reason may be that the
voltage magnitude is too large to avoid multi-bundle of SWNTs assembled between same pair of comb, which needs
to be verified by further study. Besides, PM is almost 0 with VPP=7V. So, when C=0.5μg/ml, T=60s, F=5MHz, VPP has
better to be 7V to get high PS and low PM simultaneously. 
All three kinds of productivity fluctuate with the frequency. The maximum of P and PM are both higher to 100%
when F=10kHz. While the maximum of PS is 35% when F=5MHz. Meanwhile, when F=5MHz, PM is less than 10%.
So frequency has better to be 5MHz to get high productivity of single-bundle SWNTs with few multi-bundles of
SWNTs assembled.  
In sum, the variation of experimental parameters such as the SWNTs solution concentration, deposition time,
voltage magnitude and frequency can have significant impacts on the assembly productivity. To get high assembly
productivity of single-bundle of SWNTs, T should be lower than 120s with C=0.5ȝg/ml, VPP=7V, F=5MHz.  
4. Conclusion 
In this paper, the influence of experimental parameters on the assembly of SWNTs by the DEP process is discussed
in detail, which is helpful to DEP assembly in further study. Using proper W/Au electrodes based on our previous
work, we assembled SWNTs in designed experimental conditions. I-V characteristics of the assembled SWNTs were
measured and the assembled number of electrodes was enumerated by SEM.                            
The results turned out that the assembled metallic SWNTs formed an ohmic contact with the electrode. The
variation of experimental parameters such as C, T, VPP and F can have significant impacts on the assembly
productivity. The relationship of PS and C is near parabola, so is PS and VPP. All three productivities increase basically
with T and fluctuate with the frequency. Optimum for high assembly productivity of single bundle of SWNTs was
T120s, C=0.5ȝg/ml, VPP=7V, F=5MHz. 
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